The association between birthweight ratio and outcome was investigated in 429 infants born before 31 weeks' gestation. Birthweight ratio was calculated in each case as birth weight divided by mean birth weight for gestation (from reference data). It was shown that a given ratio corresponded to the same birth centile across the gestational age range studied; a ratio of 0-8 corresponding to the 10th centile. There was a linear relationship between birthweight ratio and requirement for mechanical ventilation and postneonatal mortality. Birthweight ratio was also strongly and linearly related to body weight, length, and head circumference at 18 months' corrected age. Overall, there was no association between this ratio and neurodevelopmental outcome to 18 months. However, the subgroup with the largest weights for gestation (birthweight ratio ¢1 1), had significantly higher language subscores than all the other children.
Babies born small for gestation have been regarded as a special and high risk group. It has been suggested that such infants may have an increased rate of mortality or later neurodevelopmental impairment and reduced longer term growth potential. '-5 It is well recognised that very preterm infants also constitute a high risk group for an impaired outcome. There is conflicting information, however, on the outlook for preterm infants in relation to their size for gestation at birth."' Most studies have been small and many have either matched for birth weight or compared small and appropriate for gestational age infants within a cohort which is defined by an upper birthweight criterion, thus excluding the larger infants at some gestational ages. Furthermore, the customary approach of comparing outcomes in 'small for gestation' with 'appropriate for gestation' infants, when the latter group comprises all from the 10th through the 99th centile, has never been satisfactorily justified.
Brooke et al, in a study of factors influencing birth weight, derived a continuous variable to define size for gestation, termed the 'birthweight ratio'."2 This ratio was calculated as the infant's birth weight divided by reference median birth weight for the baby's gestation.
Thus a birthweight ratio of 1 would signify that a baby's weight was on the 50th centile, whereas with a ratio of 0-80 a baby would be 20% lighter than the median. For birthweight ratio to be used for prognostic purposes in preterm infants of widely varying gestations, however, it would be important that a given value of this ratio corresponded to the same birth centile at different gestations. Having confirmed that this was the case (see below), birthweight ratio was calculated for 429 infants of less than 31 weeks' gestation, and data were examined for associations between birthweight ratio and outcome in the neonatal period and at 18 months' post term.
Subjects and methods
The 429 infants in this study were from a larger five centre trial on feeding in babies weighing less than 1850 g at birth. 13 We report here on all enrolled infants born before 31 weeks of gestation, as above that gestation the larger infants (>1850 g) would have been excluded. Examination of records in all the centres confirmed that no infants of 30 weeks' gestation or less had a birth weight over 1850 g. Infants were enrolled in the trial within the first 48 hours of life; 53 eligible infants (without major congenital malformation and with median gestational age 26 weeks) died before enrolment.
Extensive social data were collected for each baby at parental interview. Social class was coded using the Registrar General's Classification,'4 with social class 3 subdivided into manual and non-manual. Maternal education was categorised as: 1, no educational qualifications; 2, less than four passes in the certificate of secondary education examination (CSE); 3, four or more CSE's or any 'O' level passes; 4, any 'A' level passes; and 5, degree or higher professional qualification. Birth rank was the birth order of the child in the living children of the family, with those from multiple births assigned equal rank. Details of neonatal course were recorded prospectively.
Birthweight ratio was calculated as the ratio of each infant's birth weight to a reference value of median birth weight for the baby's gestation. This reference value was taken from data, previously published,'5 16 for babies from the same cohort born after spontaneous onset of labour in the five centres. Infants born by elective caesarean section had been excluded from these reference statistics because their inclusion would have resulted in a group heavily biased by growth retarded infants who are often delivered interventively. The reference data were also used to calculate the correspondence between birth centile and birthweight ratio, and, as an important aspect of validation, to show the constancy of this correspondence across gestational age groups.
Surviving infants were invited for follow up examination at 18 months from expected date of delivery. Children from the four East Anglian centres (Cambridge, Ipswich, King's Lynn, and Norwich) were examined by RM; RP organised follow up in the fifth centre, Sheffield. An extensive history was taken for each child, followed by physical and neurological examination, using the method described by AmielTison and Grenier.'7 Naked weight, length (to the next succeeding mm using a horizontal stadiometer), and occipitofrontal head circumference (to the next succeeding mm using paper tape) were measured in each case. Several developmental tests were administered; Bayley mental and motor scales,'8 Vineland social maturity scale,'9 and the questionnaire based academic scale of developmental profile II.2O
Scores for each child were calculated using the child's age from expected date of delivery (that is, corrected for prematurity). Mental and psychomotor development indices were derived from the results on the Bayley scales, social quotient from the Vineland test, and IQ equivalent was calculated using the academic scale of developmental profile II.
Student's t and x2 were used for univariate analyses. Regression analysis was used where adjustment for confounding factors was required (linear for continuous and logistic for dichotomous dependent variables).
Results
In order to explore whether the correspondence of birth centile and birthweight ratio was similar across gestational age groups, the ratio corresponding to 3rd, 10th, 90th, and 97th centiles was calculated for each gestation from the smoothed reference data referred to above. '5 (For example, the ratio corresponding to the 10th centile at 28 weeks=weight on the 10th centile at 28 weeks divided by median weight at 28 weeks.) The ratio was remarkably constant, at gestations from 25 to 30 weeks, for any of the four centiles studied. Thus for the 3rd centile, the ratio only varied between 0 70 and 0-72 across gestational age groups. Corresponding values for the 10th centile were 0 80-0-81; the 90th centile: 119-1 20, and the 97th centile 1-28-1 30. The figures are consistent with a birthweight ratio that is normally distributed with a constant coefficient of variation across gestations of 15%.
The distribution of birthweight ratio within the 429 infants in this cohort is shown in fig 1. The distribution (range 0-39 to 1 51) shows the expected left shift, reflecting the increased proportion of small for gestation infants, largely delivered interventively, found among those born preterm. 5 The association between an infant's birthweight ratio and those social and demographic factors known to have an important influence on later developmental status2' was investigated. Birthweight ratio was not significantly related to social class, birth rank, or sex of the child or to maternal age, education, or marital status.
Length of gestation was investigated for association with birthweight ratio. Infants were divided into the five birthweight ratio categories: <0-8, 0-8-09, 0-9-1, 1-11, and >1 1, giving groups of broadly comparable size. Infants in the lowest ratio group (<0 8) were all less than the 10th centile and would be classified in many studies as small for gestation. There were no significant differences in mean gestation between the five birthweight ratio categories (table 1) , though there were variations (range 28-1-28-8 weeks). In subsequent analyses outcome data are presented by birthweight ratio category (as above). In addition, regression analysis has been used to relate birthweight ratio, as a continuous variable, to each outcome, while adjusting for gestation, to ensure that the small differences in gestation between birthweight ratio categories did not confound the analysis.
No association was found between birthweight ratio category and mortality in the first 28 days (table 1) . Infants were enrolled in this study within the first 48 hours, however, so those dying soon after birth would have been excluded. There was evidence, however, of higher postneonatal mortality with decreasing birthweight ratio group. This association was highly significant when logistic regression analysis was used to relate ratio (as a continuous variable) to postneonatal mortality, adjusting for gestational age (p<0001).
Birthweight ratio was related to the duration of mechanical ventilation. For this analysis data from the 45 babies who died in the first 28 days were excluded, as early death would have curtailed the period of respiratory illness. There were 384 survivors of the neonatal period, of whom 200 were boys. Table 2 shows the proportion of infants in each ratio group requiring mechanical ventilation in the first 24 hours, for There was a progressive increase in each of these growth measures with increasing birthweight ratio (p values for trend were respectively <0 0001, <0 0001, and <0 002). While data are shown for both sexes combined, very similar trends were seen when data from boys and girls were analysed separately (as expected, there was a consistent trend to higher values for body weight, length, and head circumference in boys). Although there were no significant differences in sex distribution between ratio groups, there were variations that could have confounded the analyses above. Regression models were therefore used to explore the association between anthropometry at 18 months (dependent variable) and birthweight ratio (as a continuous variable), after adjusting for the sex of the child as well as gestation. There were highly significant associations between birthweight ratio and weight and length (both p<0 0001) and head circumference (p<0 003) at 18 months' post term.
It is of interest that of the 329 children seen at follow up, 143 (43%) had birthweight ratios of 1 0 or more, indicating that their weight at birth was on or above the 50th centile, whereas at 18 months, only 75 (23%) had weights on or above the 50th centile, using the Whitehead standards (unpublished data). 22 The number of children in each ratio group diagnosed as having neurological impairment (including those with little or no handicap) is shown in table 4. There were no significant differences between the groups. If these impaired children are combined with those whose Bayley mental development index was less than 70, to form a group we have described here as 'neurodevelopmentally impaired' there was again no significant difference between birthweight ratio groups. There was no significant association between ratio group and either mean between birthweight ratio and these measures of developmental outcome. When the language score was calculated (using the Kent scoring adaptation of the Bayley mental scale23), however, those in the highest ratio group (ratio 1 1 or above) had a significantly higher mean score than the other groups combined (p<0-01). Conversely, those in the lowest ratio group (infants who would usually be categorised as small for gestation) did not differ from the other groups combined. Regression analyses (adjusted as above) confirmed that those children in the highest ratio group (3s I 1) had significantly higher language scores than either those in all other groups combined (p<0 005) or in a 'control group' of babies with ratios of 0 9 to 1 1, in the middle of the normal range (p<0 05). Conversely, similar regression analyses confirmed that there was no difference in language score for children in the lowest ratio group compared with those in the other groups combined (ratio 0-8 and above), or those with ratios 0 9-1 1.
Discussion
Our study has shown that weight for gestation is a major factor relating to short term morbidity and postneonatal mortality and to longer term growth and language development. Nevertheless, as we argue below, the data presented show that in outcome studies of preterm infants, the conventional approach of dividing infants arbitrarily into 'small' (<10th centile) and 'appropriate' (-10th centile) for gestation may be quite inadequate to describe the influence of birth weight relative to gestation.
Distribution of birthweight ratios within this group of 429 infants born before 31 weeks of gestation differed from that expected in an unselected population. Many infants in this group were delivered interventively because of intrauterine growth retardation or maternal hypertension, reflecting the substantially increased proportion of small for gestational age infants seen among those undergoing modern neonatal intensive care."1
We observed that with increasing birthweight ratio there was a progressive and significant decrease in the need for mechanical ventilation, when the latter was expressed either as a continuous variable (days of ventilation) or as a series of dichotomous variables (proportion of subjects requiring ventilation in the first 24 hours and beyond either 7, 14, In many studies on small for gestational age infants born at term, long term growth potential has been shown to be impaired.4 5 Corresponding data for growth retarded infants born preterm are more limited.24 25 In this study birthweight ratio was a powerful predictor of weight, length, and head circumference, even after adjustment for the potentially confounding factors. The association between growth and birthweight ratio was again linear across all birthweight ratio categories, the infants with the highest ratios exhibiting the largest birth weight, length, and head circumference values. As a whole the infants investigated here were growth retarded at 18 months. The proportion of infants above the 50th centile for birth weight was 43%; whereas only 23% of infants were over the 50th centile for weight at 18 months.22 Indeed at 18 months even the infants from the highest birthweight ratio category (ratio ,I 1), had mean body weight and length close to the 50th centile and mean head circumference below the 50th centile (sexes combined). Thus the larger the birthweight ratio, the greater the chance that the infant had attained average body size at 18 months. A dichotomous categorisation of infants into those above or below the 10th centile, would not have been adequate to demonstrate these findings.
Some studies have indicated that preterm small for gestational age infants have reduced developmental performance in childhood. 6 10 11 We were unable to confirm this using a battery of developmental tests, including Bayley mental and psychomotor scales, the Vineland social maturity and the academic scale of developmental profile II. Interestingly, only the language score (from the Kent subscores of the Bayley mental scale) showed an association with size for gestation and in this instance it was only the infants with the largest birthweight ratios (¢ 1 1) that were advantaged compared with the others. Planned follow up examinations in later childhood will investigate whether birthweight ratio is associated with differences in later IQ or learning performance.
Usher and McLean (RH Usher, FH McLean, unpublished data) have suggested that infants who are large for gestational age and born at term are disadvantaged in terms of developmental outcome; this, however, might relate to the strong positive association between maternal diabetes and birth weight. In contrast, in this study on very preterm infants, it was the infants with the largest body size for gestation who were significantly advantaged in short and long term outcome. Nevertheless, the association between birth weight and outcome in more mature preterm and term infants needs to be reexplored using birthweight ratio as a prognostic index. Results would be broadly similar if birthweight centile groups (<10th, lOth-25th, etc) were used, though for the researcher a continuous variable like birthweight ratio has advantages over a categorical one like centile strata. Furthermore, birthweight ratio is a more direct measure of birth weight for gestation.
In conclusion, our findings show that with increasing birth weight for gestation, preterm infants had a progressively better prognosis in terms of their need for respiratory support, or death in the early months, and had a progressively improved long term growth performance. Our observations suggest that an arbitrary dichotomous categorisation into small or appropriate for gestation groups is inadequate as a prognostic index in preterm infants.
We gratefully acknowledge the help and cooperation of the paediatricians in Cambridge, Ipswich, Kings Lynn, Norwich, and Sheffield, and Farley Health Products Limited for financial help.
